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This study develops nominal and real holding period return
indices for operating ranches. The indices contain two
components, monthly ranch operating proﬁt and capital
appreciation. A regression model that determines the effect of
various attributes on total market value is used to estimate capital
appreciation, and a second model determines operating proﬁt.
The two different ranch data series are compared with United
States Long Term Government Bonds, the S&P 500 Index and
Small Capitalization Stocks. Both ranch indices show very low
correlation with the S&P 500 Index and very low or negative
betas. Further, both ranch series have excess actual nominal and
real returns when compared to expected returns determined from
the Capital Asset Pricing Model.
 Introduction
Numerous studies have considered holding period returns of different assets and
their relative weighting in an optimal portfolio. However, little or no research has
examined returns on ranch properties. This study develops a holding period return
index for ranches and compares these returns with those of other ﬁnancial assets.
This comparison allows a better understanding of the relative attractiveness of
agricultural investments.
We develop two indices of monthly holding period returns for ranches in
Wyoming. The ﬁrst index is for all ranches, including both non-scenic ranches
and those that have high or moderate scenic and/or recreational appeal. Non-
scenic ranches have very few nonproductive attributes and likely are held for
production. Scenic ranches, even though currently in production, also have value210  Sunderman, Spahr, Birch and Oster
attributable to their scenic and/or recreational use. The second index is based on
a subset of the original data and includes only non-scenic ranches that are valued
mainly because of their productivity.
The data consist of 900 ranch sales in Wyoming occurring from January 1989
through April 1998.
Monthly holding period return indices for all ranches and for non-scenic ranches
consist of two components: monthly ranch operating proﬁt and capital
appreciation. A hedonic regression model that determines the effect of various
attributes on total market value is used to estimate capital appreciation. A time
variable for agricultural real estate prices is included that facilitates the estimation
of monthly capital appreciation. A second hedonic model is formulated to estimate
operating proﬁt while controlling for ranch attributes and time. Total monthly
return indices are developed by combining estimated monthly capital appreciation
and monthly operating proﬁt cash ﬂow returns.
This article contains four sections. The next section includes speciﬁcations for
each hedonic model and a description of the data used in the analysis. The third
part contains empirical results, and conclusions are in the ﬁnal section.
 Methodology
Very little, if any, literature exists relative to the construction of holding period
returns for operating ranches. Several studies have included farmland as a portfolio
investment, but none have exclusively involved ranches.1 These studies have
typically used annual United States Department of Agriculture farmland data as
the farmland investment performance indicator. In contrast, Newell, Eves and
Acheampong (1999) used the NCREIF quarterly Farmland Index. These two
sources of data are based on farm surveys, not market sales transactions. Further,
the NCREIF index is based on farms/ranches held in pension funds, not owner-
operated ranches. Thus, our study using actual Wyoming ranch sales may be a
better predictor of ranch investment performance, especially in Wyoming, than
the data used in the other studies. These differences in return data may contribute
signiﬁcantly to the perception of including agricultural holdings in investment
portfolios. If the data used to develop an index is appraisal-based rather than actual
transaction data, an adjustment is needed to correct the resulting series for
smoothing bias. Since our analysis is based on arms-length sales data, appraisal
smoothing, as suggested by Lins, Sherrick and Venigalla (1992), is not a concern.
However, when using actual sales data, non-randomness of the data may be a
problem. Such a problem is referred to as sample selection bias. According to
Haurin and Hendershott (1991), ‘‘Whether non-randomness creates a statistical
problem depends on whether the factors that cause selection of an observation
(house) to be in the sample are related to house price change.’’ It is doubtful that
factors affecting ranch prices have any effect on a given sale and thus whether a
ranch is included in our sample.2 Studies of non-residential property show mixed
results about sample selection bias as a problem. In a study looking at commercial,Impact of Ranch and Market Factors  211
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ofﬁce and industrial properties, Webb, Miles and Guikey (1992) found no evidence
of sample selection bias. Jud and Winkler (1999) found bias in the ofﬁce market,
but none in their commercial property sample. Although there is a small possibility
that sample selection bias is present in ranch sales, we will not be adjusting for
it.3
Holding period returns on ranches include both operating proﬁts and capital
appreciation even though many ranchers disregard capital appreciation.4 For
investment purposes, consideration of both operating proﬁts and capital gains is
essential.5 Thompson (1988) found signiﬁcant capital appreciation in southern
Idaho and northern Nevada ranches in the late 1970s and early 1980s, followed
by declining ranch prices in the mid-1980’s. Torell and Fowler (1986) developed
similar results for New Mexico ranches over the same period. Both Plaxico and
Kletke (1979) and Melichar (1979) showed that farmland capital gains during the
1970s were greater than net farm income, often by wide margins. Melichar even
borrows from the language of the stock market stating, ‘‘farm real estate is a
growth stock, best and most easily owned by those who can tolerate its low current
return in the ﬁrst few years after its purchase.’’ Castle and Hoch (1982) found that
capitalized rent explains only about half of farm real estate values from 1920–78.
The remainder can be explained by capital gains, including real gains or losses
from price level changes.
The time (date of sale) variable is critical in the creation of monthly holding period
returns. Numerous approaches have been suggested in the literature for dealing
with time adjustment. They typically fall into three categories: (1) the repeat-sales
method; (2) the assessed valuation approach; and (3) the hedonic or multiple
regression method.
The repeat-sales approach uses sale prices for the same property at different points
in time to develop price indices. These indices are based on the rate of change in
the price of property that sells at least twice. Properties that sell once, or not at
all, are excluded. Although this approach is intuitively appealing, it has some
serious criticisms.6 For our purposes, a main drawback of this method is its
reliance upon repeat-sales, something that typically does not occur in the ranch
market.
The assessed valuation method uses assessed valuations as proxies for all property
characteristic variables. The advantage is a reduction in data requirements, since
models no longer require independent variables for each characteristic.7 Of course,
use of assessed values assumes that they are reasonably accurate estimates of
market value. Unfortunately, this assumption applies very poorly for ranch
properties since assessed valuation for these properties are commonly based on
productivity rather than market value.
Multiple regression analysis may be used to obtain estimates of property values
and movements in property values. Given the available data, this method allows
for a large set of property characteristics or attributes to be included in the model.212  Sunderman, Spahr, Birch and Oster
The approach is based on the concept that complex commodities may be
considered as a bundle of separately measurable characteristics or attributes. Any
resulting time-based price index represents an estimate of prices that would occur
if attributes remained unchanged over time. Time is incorporated in the model by
using separate independent time variables. A price index series is then derived as
a function of the coefﬁcient(s) for the time variable(s).
We use a variant of the multiple regression approach suggested by Bryan and
Colwell (1982). In this method, each date of sale is deﬁned as a linear combination
of the end points of the period in which the sale occurs.8 Date of sale variables,
B(y), are the proportionate weights. There is a date of sale variable for each half-
year in which sales occurred, with half years beginning on January or July 1 for
all years in the study. For example, if a sale occurred in September 1990, B90S2
is 0.583, B91S1 is 0.417, and all other B(y) variables are zero.9 Since the sale
was closer to July 1, 1990 than to January 1, 1991, B90S2 is larger and given
more weight than B91S1. This approach allows the rate of change in prices to be
different for each half-year and allows a monthly price continuum rather than a
step function.
Hedonic regression models are formulated to estimate monthly ranch values and
operating proﬁt. Each holding period return index value is derived by combining
monthly capital appreciation and monthly cash ﬂow operating proﬁt.
Ranch Sales Data
Data consist of 1286 ranch sales from twenty-two of the twenty-three counties in
Wyoming. Ranch sales in Teton County, home of Teton and Yellowstone National
Parks, are excluded due to extreme values that have little to do with ranching. All
ranch sales occurred between January, 1989 and April, 1998. Ranch sales data
include both productive and nonproductive characteristics of individual ranches.
Ranches with less that 100 deeded acres are omitted from the data set, because
such parcels are not generally purchased for livestock production, but as hobby
ranches. In addition, ranches with deeded property and/or grazing permits outside
Wyoming are eliminated from the data. Non-arms length sales are also deleted.
Other exclusions are made because of incomplete data for individual sales. The
resulting data set contains 900 ranch sales. The typical ranch sale price is
$462,831, and represents 3950 acres of deeded land, 2033 deeded animal unit
months (AUMs)10 and 592 leased AUMs. Descriptions of these variables are given
in Exhibit 1, summary statistics are presented in Exhibit 2 and number of
observations is presented in Exhibit 3.
Hedonic models are selected to estimate the effect of various attributes on market
prices and operating proﬁt of Wyoming ranches. A linear functional form model
is used.11 Explanatory variables incorporate and control for each ranch’s income
producing ability, locational differences and changes in market conditions. Results
from previous studies and the availability of data also inﬂuence the selection of
explanatory variables.Impact of Ranch and Market Factors  213
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Exhibit 1  Description of Variables
Variable Descriptions
Panel A: Grazing Lease Variables
BLM3AUM% Section 3 BLM Grazing Lease AUMs/Total AUMs
BLM15AUM% Section 15 BLM Grazing Lease AUMs/Total AUMs
STATEAUM% State Lease AUMs/Total AUMs
FORSTAUM% Forest Service Grazing Permit AUMs/Total AUMs
PRVTAUM% Private Lease AUMs/Total AUMs
Panel B: Real Property Variables
REAL/AUM Real Property/Total AUMs
REAL/ACRE Real Property/Deeded Acres
Panel C: Deeded AUM and Deeded Acres Variables
LDACRES Log of Deeded Acres
IRCAUM% Irrigated Crop Land AUMs/Deeded AUMs
IRHAUM% Irrigated Hay Land AUMs/Deeded AUMs
DRYAUM% Dry Crop Land AUMs/Deeded AUMs
SUBBAUM% Subirrigated, Improved or Bottom Grazing Land AUMs/Deeded AUMs
FTMNTPER% Foothills and Mountain Grazing Land AUMs/Deeded AUMs
OTHERAUM% Dry Grazing Land or Undeﬁned Deeded AUMs/Deeded AUMs
QUALITY Deeded AUM/Deeded Acres
Panel D: Scenic/Recreational Dummy Variables
POOR Dummy Variable for Ranches with Little Scenic and/or Recreational Value
AVERAGE Dummy Variable for Ranches with Average Scenic and/or Recreational Value
GOOD Dummy Variable for Ranches with Good Scenic and/or Recreational Value
EXCELLENT Dummy Variable for Ranches with Excellent Scenic and/or Recreational Value
Panel E: Ecoregion Dummy Variables
ECO3 Dummy Variable for Ecoregion 3
ECO4 Dummy Variable for Ecoregion 4
ECO5 Dummy Variable for Ecoregion 5
ECO7 Dummy Variable for Ecoregion 7
ECO8 Dummy Variable for Ecoregion 8
ECO9 Dummy Variable for Ecoregion 9
Panel F: Date of Sale Variables
B89S1 to B98S2 Weighted time variable for the beginning of the semi-annual period listed.These
variables are for the data from 1989–1998.214  Sunderman, Spahr, Birch and Oster
Exhibit 2  Selected Summary Statistics
Variable Mean Std. Dev. Min. Max.
SALE PRICE 462,831.38 658,541.72 6,400.00 7,500,000.00
DEEDED AUMs 2,033.21 3,472.55 14.00 45,044.00
DEEDED ACRES 3,950.16 9,248.03 100.00 139,585.00
LEASED AUMs 592.13 1,809.13 0 22,889.00
TOTAL AUMs 2,625.35 4,617.13 14.00 50,848.00
REAL PROPERTY 31,510.00 57,160.35 0 500,000.00
REAL PER AUM 50.45 483.62 0 13,017.86
REAL PER ACRE 47.54 145.15 0 1,822.50
BLM15 AUMs 171.98 995.24 0 17,072.00
BLM3 AUMs 194.81 1,077.99 0 21,697.00
STATE AUMs 177.50 529.32 0 8,495.00
FOREST AUMs 28.93 188.31 0 3,643.00
PRIVATE AUMs 18.92 136.62 0 2,252.00
IRCROP AUMs 183.24 712.43 0 7,456.00
IRHAY AUMs 627.92 1,527.03 0 25,415.00
DRY AUMs 71.62 634.31 0 17,715.00
SUBB AUMs 100.82 347.79 0 5,250.00
FTMNT AUMs 161.11 575.41 0 7,730.00
OTHER AUMs 888.50 2,301.81 0 34,310.00
PROFIT 17,138.32 28,608.57 78.00 335,535.00
PROFIT PER AUM 7.96 6.23 0.47 90.02
PRICE PER ACRE 342.11 445.77 21.04 4,119.94
QUALITY 1.64 2.48 0.02 15.61
The forage (in AUMs) is divided into two groups, deeded forage and leased forage.
The broad category of deeded forage consists of lands that are purchased and
owned by ranchers. Leased forage usually consists of government grazing leases
(i.e., Bureau of Land Management, Forest Service or State of Wyoming). Since
previous studies have suggested that leases attribute value to the ranch, we control
for grazing leases in our hedonic models.12
Public grazing leases consist of section 3 (Taylor Grazing Act) BLM land, section
15 (Taylor Grazing Act) BLM land, State of Wyoming land, U.S. Forest service
permits and private leases. Each variable reﬂects the percent of total AUMs
represented by this lease type. Section 3 BLM leases generally consist of larger
acreage or tracts of land that may represent an interest in a grazing association or
at least represent a larger scale lease. Section 15 BLM leases generally are thoseImpact of Ranch and Market Factors  215
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tracts that are interspersed among deeded acres of ranches. Often, section 15 tracts
are lands that were never homesteaded or purchased from the federal government.
These tracts usually have the least desirable terrain and usually contain little water.
For many ranch sales, the sale price includes permanent improvements such as
buildings and equipment essential to the operation of the ranch. When
improvements are included in the sale, a land appraiser has estimated the value
of associated real property. Rather than subtracting the estimated value of real
improvements from the sale price and using this adjusted price as the dependent
variable, we include the estimated value of real improvements as an explanatory
variable.
A major factor that inﬂuences sale price is each ranch’s scenic and/or recreational
attributes. A subjective assessment of this factor was used as a basis for
constructing four dummy variables, POOR, AVERAGE, GOOD and
EXCELLENT.13 If a ranch contains very scenic and/or recreational value, the
dummy variable EXCELLENT is given a value of one. Alternatively, ranches sold
with little or no recreational value and with less than average scenic qualities are
given a one for the POOR dummy variable. For the ranches with slightly less
scenic and/or recreational value than EXCELLENT, the dummy variable GOOD
is set to one. For ranches with average scenic and/or recreational value, the
dummy variable AVERAGE is set to one.
A USDA/USDI (1993) study, which includes Wyoming as one of the three test
states, classiﬁed regionalized forage values into clustered intrastate allotments
based on twenty-one different ecoregions (see Exhibit 4). Six of these ecoregions
are found in the counties studied in Wyoming (ECO3, ECO4, ECO5, ECO7,
ECO8 and ECO9). The ecoregions represent a composite set of ecological
boundaries identiﬁed by differences in soil, vegetation, landform, climate and use.
In developing each hedonic model, two additional criteria are used to eliminate
very unusual sales from the analysis.14 The ﬁrst criterion deletes each property
with a sale price greater than three standard errors above or below the predicted
sale price. These sales have attributes that are not explained with the models used.
This large predictive error may result from a lack of sufﬁciently detailed
information regarding the property and/or incorrect sales data. The second
criterion involves Cook’s distance for each property sale.15 An unusually large
absolute value for Cook’s distance (1.00) for any given sale indicates that the
property has one or more characteristics that are quite different from other sales,
and whose presence has an unduly large inﬂuence on the overall predicted values
generated by the model. These additional criteria result in the removal of less than
1.5% of all data. Final models are developed from the remaining sales and their
associated characteristics.
We develop each of the hedonic models with no intercept. The reason the intercept
is forced through zero is that a ranch with zero acres and no other attributes wouldImpact of Ranch and Market Factors  217
JRER  Vol. 19  No. 1/2 – 2000
be expected to have a sale price of zero. A nonzero intercept would imply that a
ranch with zero acres, as well as other zero attributes, would have a value per
acre equal to the value of the intercept. Likewise, the operating proﬁt model must
have a zero intercept, as a ranch with zero AUMs (no productivity) would have
an operating proﬁt of zero.16
Model for Operating Profit
A hedonic model is developed for estimating operating proﬁt per AUM. Proﬁts
are calculated for each ranch by subtracting estimated individual ranch expenses
from estimated revenue.17
Explanatory variables include date of sale, dummy variables controlling for
ecoregions, grazing lease variables showing the percentage of total AUMs
represented in each type of lease, variables controlling for the percent of deeded
AUMs found in each land type and real property per AUM that is included in the
sale. The log of deeded AUMs (LDAUM) is used to control for a possible economy
of scale or the expected nonlinear relationship between deeded AUMs and the
proﬁt per AUM. QUALITY, the ratio of deeded AUMs to deeded acres, is
employed to control for the difference in productive quality of ranch land.18
Scenic/recreational dummy variables are left out of the ﬁnal model because, as a
group, they are not statistically signiﬁcant at the 95% level. This model, with 803
ranch sales, is used to estimate monthly operating proﬁt for a typical Wyoming
ranch.19
Although ranch revenue may occur only when cattle are sold, it is valid to accrue
proﬁt generated from ranching as spread over the course of the year. This approach
is not uncommon. For example, cash dividends on common stock are not
accounted for just in the month received, but they are spread over the entire year.
Model for Capital Appreciation
Two different hedonic models are used to estimate capital appreciation as
measured by price per deeded acre for Wyoming ranches. The ﬁrst model uses
data for ranches with all levels of scenic and/or recreational attributes. A second
model employs data for only non-scenic ranches—those coded as POOR.20
With the exception of the real property variable, all explanatory variables in the
All Ranches model (900 ranch sales) are the same as those used in the Operating
Proﬁt model. Since our dependent variable is price per acre, the real property
variable may be interpreted as the contribution that real property has on the price
per deeded acre.
The second model, Non-Scenic Ranches, with 564 sales, uses the same
explanatory variables as the All Ranches model, except no scenic/recreational
dummy variables are required.218  Sunderman, Spahr, Birch and Oster
Holding Period Returns for Ranches
Monthly holding period return series are estimated for All Ranches and for Non-
Scenic Ranches by combining monthly operating proﬁt returns and monthly
capital appreciation returns for an average Wyoming ranch.21 Combining the two
return series into one total return index is similar to the approach used by White
and Ziemer (1982) and Dodson (1994). They combined farm operating income
and the value of farm land appreciation to study agricultural real estate returns.
Nominal holding period returns were converted to real holding period returns
using Fisher’s equation, where ex post inﬂation rates are measured by monthly
changes in the Consumer Price Index.22 The Consumer Price Index was obtained
from the CRSP indices ﬁle (Ibbotson’s SBBI data series).23
 Empirical Results
Empirical results from the operating proﬁt model, and for the two models that
determine capital appreciation, are shown in Exhibits 5 and 6.
Operating Profit Model
From Exhibit 5, it is apparent that the operating proﬁt model performs well with
an adjusted R2 of .9299.
The ecoregion in which a ranch is located signiﬁcantly impacts operating proﬁt
per AUM. The model assumes that the ranch is located in ecoregion 7. Ecoregions
3, 4, 5, 8 and 9, each have positive coefﬁcients, which indicates that ecoregion 7
in Wyoming has the lowest operating proﬁt per AUM.
Negative parameter estimates for both QUALITY and LDAUM suggest that larger,
more productively intensive ranches may have higher operating expenses per
AUM. More productively intensive ranches, including ranches with relatively more
hay production and irrigation, etc., require more labor per AUM. It is possible
that these ranches must employ ranch managers and cowboys who are not family
members, thus market wages must be paid.
The results show that leased AUMs, with the exception of Forest Service leases,
reduce the overall proﬁt per AUM. This is not surprising since each of these have
additional expenses including lease payments that impact observed proﬁt per
AUM.
Proﬁtability also is a function of the type of production. For example, IRCAUM%
and IRHAUM%, which correspond to irrigated crop land and irrigated hay land,
both have signiﬁcantly negative coefﬁcients that indicate lower operation proﬁt.
Again, this is most likely due to additional expense and labor associated with
irrigation. Since the model assumes productivity is generated from dry grazing
land (OTHERAUM%), all coefﬁcients are relative to the proﬁt generated per AUMImpact of Ranch and Market Factors  219
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Exhibit 4  Map of Ecoregions
from this type of production. Only foothills and mountain grazing generate more
proﬁt per AUM than dry grazing production.
The REAL/AUM variable indicates that each $1 of real improvements per AUM
increases the proﬁt per AUM by $.026. This result suggests that an investment in
real improvements provides a positive return.
All Ranches—Capital Appreciation Model
Referring to Model 1 (ﬁrst column of results in Exhibit 6), the All Ranches capital
appreciation model represents a good ﬁt with an adjusted R2 of .9151.
Unlike the Operating Proﬁt model, scenic variables provide a major contribution
for this model. Ranches with very scenic/recreational attributes are valued at
approximately $199 more per acre as compared to property with little or no scenic/220  Sunderman, Spahr, Birch and Oster
Exhibit 5  Dependent Variable  Proﬁt Per AUM
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Exhibit 5  (continued)
Dependent Variable  Proﬁt Per AUM





Notes: The adjusted R2  .9299. The number of observations is 792.
*Signiﬁcant at the   .05 level or higher.
**Signiﬁcant between   .1 and   .05.
recreational potential. Likewise, ranches with good scenic and recreation attributes
are valued at $171 more per acre than plain ranches. Even ranches that have
average scenic/recreational value have a premium of $58 per acre.
The ecoregion, again, has a signiﬁcant impact on value. Since the model assumes
that ranches are located in ecoregion 7, negative coefﬁcients for other ecoregions
suggest that ecoregion 7 has the highest land prices. As expected, the log of
deeded acres has a negative coefﬁcient suggesting an economy of scale where
larger ranches sell for less per acre.
Ranch productivity, QUALITY, is statistically signiﬁcant where one additional
AUM per deeded acre has a value of approximately $27. Thus, holding deeded
acres constant, an increase in productivity of one AUM per acre will increase the
value of that acre by $27.
BLM leases and Forest Service grazing permits do not appear to have a signiﬁcant
effect on the value of ranching operations. Alternatively, the existence of state
lease AUMs and private lease AUMs add value. This may be caused by the
reluctance of buyers to capitalize federal grazing leases into the value of a ranch’s
deeded acres. With the uncertainty of the cost and availability of federal grazing
leases in recent years, most buyers apparently are unwilling to pay signiﬁcantly
higher prices for these leases. Alternatively, buyers are more secure of the future
price and availability of state and private grazing leases and are willing to
capitalize these into the price per deeded acre.
The REAL/ACRE variable indicates that, for each $1 of real improvements per
acre, the value per acre increases by $1.51. Ranches with real improvements are
generally those that are well maintained and improved with livestock handling
facilities. Therefore, the variable may be acting as a measure of value for all
improvements.24222  Sunderman, Spahr, Birch and Oster








BLM15AUM% 18.403 0.33 7.576 0.16
BLM3AUM% 5.981 0.16 14.188 0.48
STATEAUM% 131.460* 2.63 127.766* 2.68
FORSTAUM% 58.656 0.48 132.503 1.02
PRVTAUM% 333.161** 1.66 171.856 1.18
IRCAUM% 212.493* 7.78 115.286* 5.09
IRHAUM% 150.486* 7.76 111.514* 6.80
DRYAUM% 70.433* 1.94 39.793 1.14
SUBBPER% 118.140* 2.49 106.138* 2.29
FTMNTAUM% 36.330* 1.96 6.952 0.36
LDACRES 49.355* 11.18 32.727* 8.40
QUALITY 26.633* 8.69 34.057* 14.40
REAL/ACRE 1.512* 40.88 1.482* 40.61
AVERAGE 57.657* 4.22 — —
GOOD 170.654* 10.09 — —
EXCELLENT 199.004* 7.70 — —
ECO3 181.679* 5.67 22.496 0.73
ECO4 150.646* 6.53 50.022* 1.84
ECO5 161.833* 6.25 38.650 1.27
ECO8 145.982* 7.99 17.076 0.73
EC09 117.331* 5.11 19.285 0.67
B89S1 546.486* 7.70 295.973* 4.07
B89S2 522.080* 9.35 333.859* 6.55
B90S1 556.006* 11.50 302.825* 6.75
B90S2 583.500* 13.25 338.519* 8.33
B91S1 540.106* 11.70 327.555* 7.79
B91S2 532.763* 11.96 312.433* 7.49
B92S1 550.759* 12.58 312.436* 7.48
B92S2 536.508* 12.27 317.791* 7.58
B93S1 587.435* 12.97 326.283* 7.48
B93S2 556.931* 13.00 342.067* 8.17
B94S1 604.161* 13.22 327.695* 7.40
B94S2 580.279* 12.75 358.053* 8.49
B95S1 656.007* 13.89 414.050* 9.39Impact of Ranch and Market Factors  223
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Exhibit 6  (continued)








B95S2 644.052* 14.53 343.593* 8.24
B96S1 648.063* 12.03 393.117* 8.18
B96S2 652.407* 11.58 409.678* 8.36
B97S1 626.736* 10.76 339.114* 6.66
B97S2 648.384* 9.07 442.586* 6.83
B98S1 670.253* 8.38 405.962* 5.24
B98S2 667.579* 5.51 396.662* 4.13
Notes: Model 1 adjusted R2  .9151 and Model 2 adjusted R2  .9405. Number of observations for
Model 1  888 and number of observations for Model 2  558.
*Signiﬁcant at   .05 level or higher.
**Signiﬁcance between   .1 and   .05.
Non-Scenic Ranches—Capital Appreciation Model
Referring to Model 2, shown in column 2 of Exhibit 6, the Non-Scenic Ranches
capital appreciation model has an adjusted R2 of .9405. It is not surprising that
this model with its more homogenous ranches, selling mainly for their
productivity, has a better ﬁt than the All Ranches model.
As with the All Ranches model, lease variables, BLM leases and Forest Service
grazing permits, do not appear to add value to the ranching operation. However,
as in Model 1, state grazing leases signiﬁcantly increased the price of the deeded
land. This may be due to the uncertainty of federal leases relative to state leases,
as discussed earlier.
Again, the model assumes that the ranch is located in ecoregion 7, thus negative
coefﬁcients for ecoregions 3, 4, 5 and 8 suggest that ecoregion 7 has the highest
land prices even for non-scenic ranches. Even though not signiﬁcant, this model
indicates that land in ecoregion 9 is worth more than in 7.
The negative coefﬁcient for the log of deeded acres suggests that larger ranches
will sell for less per acre, thus economy of scale exists. This economy of scale
seems greater for non-scenic ranches than for scenic ranches. The quality or
productivity of the land is again an important factor where one additional AUM224  Sunderman, Spahr, Birch and Oster










Panel A: Nominal Monthly % Return
Mean 1.396 1.274 0.872 0.954 1.233
Median 1.550 1.930 0.939 0.427 1.930
Std. Dev. 3.533 4.443 2.394 2.573 5.786
Annual Return 16.747 15.288 10.468 11.449 14.790
Panel B: Correlation Coefﬁcient
U.S. Small Stock 0.648
U.S. LT Gvt. 0.520 0.132
Ranch All 0.029 0.113 0.036
Ranch Non-Scenic 0.067 0.030 0.229 0.192
Panel C: Variance-Covariance Matrix
S&P 500 12.485
U.S. Small Stock 10.164 19.738
U.S. LT Gvt. 4.397 1.405 5.730
Ranch All 0.263 1.289 0.221 6.619
Ranch Non-Scenic 1.377 0.782 3.166 2.857 33.478
per deeded acre has a value of approximately $34. The presence of real property
has an effect similar to the All Ranches model.
Nominal Holding Period Returns
The two monthly holding period return series (the All Ranches and the Non-Scenic
Ranches series) run from July 1989 through December 1997.25 For All Ranches,
19.84% of total returns are from operating proﬁt, and 80.16% come from capital
appreciation. For Non-Scenic Ranches, the breakdown was 32.00% from operating
proﬁt and 68.00% from capital appreciation.
To compare with other assets, historical monthly returns from July 1989 through
December 1997 were obtained from the CRSP indices ﬁle (Ibbotson’s SBBI data
series) for the S&P 500 Index, U.S. Small Stocks and U.S. Long Term
Government Bonds. As with the ranch return series, these are total return series
containing both dividend/interest and capital gain/loss components. Exhibit 7,
Panel A, display monthly percentage returns and standard deviations of these
various assets.
The Non-Scenic Ranches series has average monthly returns and a standard
deviation higher than the All Ranches series. This result is due to lower pricesImpact of Ranch and Market Factors  225
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Exhibit 8  Nominal Beta Coefﬁcients
Beta Coefﬁcient with S&P 500
S&P 500 with Ranch All 0.021
S&P 500 with Non-Scenic 0.110
S&P 500 with U.S. Small Stock 0.814
S&P 500 with U.S. LT Gvt. 0.352
Expected Ranch All Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 0.441
Actual Return (monthly) 0.954
Excess Return (monthly) 0.513
Excess Return (annual) 6.333
Expected Ranch Non-Scenic Return Based on CAPM
SML  E(rj)  rf  j[E(rm)-rf] 0.313
Actual Return (monthly) 1.233
Excess Return (monthly) 0.920
Excess Return (annual) 11.616
Expected Small Stock Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 1.214
Actual Return (monthly) 1.274
Excess Return (monthly) 0.060
Excess Return (annual) 0.722
Expected U.S. LT Gvt. Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 0.764
Actual Return (monthly) 0.872
Excess Return (monthly) 0.108
Excess Return (annual) 1.304
and more of the return for non-scenic ranches being received from operating
income. It is also interesting that U.S. Long Term Bond returns have a mean and
standard deviation similar to the mean return and standard deviation for All
Ranches.
Ranking assets from the highest mean to the lowest mean monthly return, we
obtain: (1) S&P 500; (2) Small Stocks; (3) Non-Scenic Ranches; (4) Non-Scenic
Ranches; (5) U.S. Long Term Government Bonds. Further, we ﬁnd that the rank
of average monthly returns does not correspond with the riskiness or standard
deviation of the asset. The rank of standard deviations from highest to lowest
gives: (1) Non-Scenic Ranches; (2) Small Stocks; (3) S&P 500; (4) All Ranches;
(5) U.S. Long Term Government Bonds.
The correlation coefﬁcients and variance-covariance matrices are listed in Panels
B and C of Exhibit 7. Most notable is the negative correlation between the Non-
Scenic Ranches and the S&P 500, Small Stocks and U.S. Long Term Government226  Sunderman, Spahr, Birch and Oster










Panel A: Nominal Monthly % Return
Mean 1.138 1.017 0.614 0.629 0.819
Median 1.511 1.752 0.544 0.242 1.148
Std. Dev. 3.599 4.496 2.430 2.081 4.702
Annual Return 13.656 12.205 7.373 7.553 9.833
Panel B: Correlation Coefﬁcient
U.S. Small Stock 0.659
U.S. LT Gvt. 0.543 0.164
Ranch All 0.050 0.118 0.006
Ranch Non-Scenic 0.031 0.004 0.187 0.189
Panel C: Variance-Covariance Matrix
S&P 500 12.952
U.S. Small Stock 10.661 20.212
U.S. LT Gvt. 4.747 1.796 5.904
Ranch All 0.372 1.100 0.031 4.331
Ranch Non-Scenic 0.526 0.083 2.139 1.850 22.109
Bonds. This suggests that the ranch index returns are almost independent of the
other asset returns. Further, there is a very low correlation between the All
Ranches and Non-Scenic Ranches returns.
While standard deviation is a common measure of the risk of an isolated asset,
beta () is a common measure of risk for a well diversiﬁed portfolio. Using the
variance-covariance matrix, we create betas for both ranch indices using the S&P
500 as the market portfolio. Using the ranch betas and the betas of the other
assets, the Capital Asset Pricing Model (CAPM) framework may be used to
compare the relative performance of each asset.26
Exhibit 8 displays monthly beta coefﬁcients for U.S. Small Stocks, U.S. Long
Term Government Bonds and for the two ranch series along with expected returns
based on the CAPM.27 With a small beta, the CAPM expected monthly return for
All Ranches is 0.441%; whereas, the actual mean monthly return is 0.954%. This
suggests that All Ranches have excess monthly returns exceeding the CAPM
predicted return. All Ranches show an excess monthly return of 0.513%, or
6.333% annually. Also, based on the CAPM, the expected monthly return for Non-
Scenic Ranches is 0.313%; whereas, the actual monthly mean return is 1.233%.
This again suggests that Non-Scenic Ranches have an excess monthly return aboveImpact of Ranch and Market Factors  227
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Exhibit 10  Real Return Beta Coefﬁcients
Beta Coefﬁcient with S&P 500
S&P 500 with Ranch All Inﬂ-Adj 0.029
S&P 500 with Non-Scenic Inﬂ-Adj 0.041
S&P 500 with U.S. Small Stock 0.823
S&P 500 with U.S. LT Gvt. 0.366
Expected Ranch All Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 0.191
Actual Return (monthly) 0.629
Excess Return (monthly) 0.439
Excess Return (annual) 5.397
Expected Ranch Non-Scenic Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 0.123
Actual Return (monthly) 0.819
Excess Return (monthly) 0.696
Excess Return (annual) 8.679
Expected Small Stock Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 0.966
Actual Return (monthly) 1.017
Excess Return (monthly) 0.052
Excess Return (annual) 0.626
Expected U.S. LT Gvt. Return Based on CAPM
SML  E(rj)  rf  j[E(rm)  rf] 0.520
Actual Return (monthly) 0.614
Excess Return (monthly) 0.094
Excess Return (annual) 1.134
the CAPM predicted return. Non-Scenic Ranches show an excess monthly return
of 0.920%, or 11.616% annually.28
Using the betas for the Small Stocks and U.S. Long Term Government Bonds to
create expected returns based on the CAPM, the excess monthly return above
what the CAPM predicts for Small Stocks is 0.060%, or 0.722% annually, and
the excess monthly return for U.S. Long Term Government Bonds is 0.108%, or
1.304% annually. The actual returns and expected returns based on the CAPM are
close to one another for these two assets, and suggest that the CAPM is valid in
this case.
Real Holding Period Returns of Ranches
Real returns obtained through the Fisher equation are compared for All and Non-
Scenic Ranches, as well as for the S&P 500, Small Stock and U.S. Long Term
Government Bonds. The same time frame as used for the nominal return series is
employed for the real return series, and the results are found in Exhibit 9.228  Sunderman, Spahr, Birch and Oster
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From Exhibits 9 and 10, the CAPM expected monthly real return for All Ranches
is 0.191%; whereas, the actual real mean monthly return is 0.629%. This suggests
that All Ranches have an excess monthly real return of 0.439%, or 5.397%
annually above the CAPM predicted return. Also, based on the CAPM, the
expected monthly real return for Non-Scenic Ranches is 0.123%; whereas, the
actual monthly mean return is 0.819%. This again suggests that, Non-Scenic
Ranches have an excess monthly real return of 0.696%, or 8.679% annually.
Obviously, real returns are smaller than nominal returns. Rankings from highest
to lowest is the same between real and nominal returns, but not for corresponding
standard deviations. The ranking of real standard deviations from highest to lowest
is: (1) Non-Scenic Ranches; (2) Small Stocks; (3) S&P 500; (4) U.S. Long Term
Government Bonds; (5) All Ranches. Comparing real and nominal holding period
returns, it is noteworthy that real standard deviations were larger than nominal
standard deviations for the S&P 500, Small Stock Index and U.S. Long Term
Government Bonds. However, standard deviations for both ranch return series
were smaller for real returns than for nominal returns. Since both nominal and
real returns for ranches exceed required returns as measured by the CAPM, this
would suggest that ranches are not only good investments, but are also good
inﬂation hedges.
The monthly nominal and real return series for both ranch data sets are plotted
against the S&P 500 series in Exhibit 11.
 Conclusion
This study formulates hedonic regression models that are used to create both
nominal and real monthly return series for Wyoming ranches. The indices contain
two components: monthly ranch operating proﬁt and capital appreciation. A
hedonic model that determines the effect of various attributes on total market value
is used to estimate capital appreciation, and a second model determines operating
proﬁt. These models control for ranch size, real improvements, type of production
and scenic/recreational value. A hedonic model based on 900 ranch sales from
1989 to 1998 is formulated for all ranches. A subset of these ranch sales is
developed that include only ranches that possess very little scenic/recreation value.
This subset is designed to include ranches that are sold mainly for productive
purposes. The entire data set contains many ranches that possess a considerable
amount of scenic/recreation potential. It is found that these ranches sell for
multiples of the prices for productive ranches, and that they represent a higher
capital gain potential.
In comparing these ranch series, it is found that for the All Ranches series, 19.84%
of total returns are from operating proﬁt, and 80.16% come from capital
appreciation. For Non-Scenic Ranches, 32.00% is from operating proﬁt and
68.00% from capital appreciation. Although the percentage of total return is
greater for the ranches held for production, less than a third of the overall return
is attributed to operating proﬁt. Since capital appreciation is realized only when230  Sunderman, Spahr, Birch and Oster
the asset is sold, and given that many ranchers have no intention of selling, capital
appreciation may not be recognized as a return component by many ranchers.
When both ranch data series are compared with U.S. Long Term Government
Bonds, the S&P 500 and Small Capitalization Stocks, it is found that they are
essentially uncorrelated with the S&P 500 Index and have very low and possibly
negative betas. It is further observed that both ranch return series have excess
actual nominal and real returns when compared to expected returns, as determined
from the CAPM. Yet, Small Stocks and U.S. Long Term Government Bonds yield
very small excess nominal and real returns, which suggests that the CAPM is
valid for this study. It is observed that investments in Wyoming ranches make
solid additions to an asset portfolio.
 Endnotes
1 Robichek, Conn and Pringle (1972); Ibbotson and Fall (1979); Kaplan (1985);
Young and Barry (1987); Webb and Rubens (1988); Crisostomo and Featherstone
(1990); Lins, Sherrick and Venigalla (1992), Lins and Wood (1994); Hamaker and
Patrick (1996); and Newell, Eves and Archeampong (1999) all found farmland
returns were negatively correlated to stocks and government bond returns.
2 As discussed later, only arms length sales are included in our analysis. Inclusion
of stress sales or auctions might have resulted in sample selection bias.
3 An adjustment procedure often used to deal with sample selection was developed
by Heckman (1979).
4 We develop a monthly holding period series rather than either a quarterly or annual
series. With approximately nine years of data, a monthly series results in more
observations for our analysis. We would expect similar results if quarterly data
were used.
5 Capital appreciation is actually realized only when the asset is sold. Since many
ranchers have no intention of selling their ranch, capital appreciation for such cases
is an opportunity cost component of the return.
6 For example, consider Case and Shiller (1987), Haurin and Hendershott (1991),
Clapp and Giaccotto (1992), Dombrow, Knight and Sirmans (1997) and Gatzlaff
and Haurin (1997).
7 For example, consider Gloudemans (1990), Clapp and Giaccotto (1992) and Clapp,
Richo and Giacotto (1994).
8 This approach has been applied by Sunderman and Spahr (1994), Spahr and
Sunderman (1995, 1998), and Colwell, Munneke and Trefzger (1998).
9 Since we assume that all sales take place in the middle of the month, to arrive at
the weights, September 15, 1990 is 2.5 months from July 1, 1990, so B91S1 
2.5/6 or 0.417. Since September 15, 1990 is 3.5 months away from January 1,1991,
B90S2  3.5/6 or 0.583.
10 An animal unit month is a standardized unit of measurement of forage required to
provide for the grazing of a mature cow and calf for one full month. An AUM is
forage-based rather than land-area based. Other animals, such as sheep, goats,Impact of Ranch and Market Factors  231
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horses and younger stock are viewed as a fraction of an AUM. Thus, total AUMs
for a ranch is a measure of the ranch size in total stock terms.
11 Other functional forms were tried; however, it was found that the linear form did
the best job of explaining the dependent variable. This is consistent with other
studies.
12 Studies by Martin and Jefferies (1966), Torrell and Fowler (1986), Collins and
Constantino (1990), Sunderman and Spahr (1994) and Spahr and Sunderman
(1995) contend that these leases have value and it is capitalized into the sale prices
of ranches.
13 The subjective assessment of scenic and/or recreational value was determined by
the authors with assistance from appraisers from the Farm Credit Services ofﬁces
in Casper and Worland, Wyoming.
14 This approach was used by Spahr and Sunderman (1998).
15 See Neter, Wasserman and Kutner (1983) for a discussion of this concept.
16 Based on reviewer comments, we also estimated each model with an intercept and
veriﬁed that the intercept is captured in each time variable. All coefﬁcients
remained the same and each date of sale variable was increased by the amount of
the intercept, thus causing no change in our results.
17 Expense and gross revenue data are compiled by Farm Credit Services’ appraisers,
who estimate these ﬁgures for individual ranches.
18 A recent study using data from Wyoming by Bastian and Hewlett (1997), found
that the AUMs per acre ranged greatly across the state. For example, grazing land
had a statewide productivity of 0.29 AUMs per acre, whereas, irrigated cropland
had a measure of productivity of 9.19.
19 The sales data used to estimate operating proﬁt has ninety-seven fewer sales
because not all sales data included estimates of revenues and expenses.
20 A third model was considered using only the scenic ranches; however, the data
were thin, which might give unreliable results. Further, the time periods would not
have matched the other two models’ series because of missing data. Thus, the
‘‘scenic’’ model is not reported.
21 The ‘‘average’’ Wyoming ranch is located in ecoregion 7, contains no leases, has
no real property, 3950 acres and 2033 deeded animal unit months (DAUM). This
would also imply a quality value of 0.5147.
22 The Fisher equation is commonly expressed as: (1  rt)  (1  t)(1  t), where
rt denotes the nominal rate of return, t denotes the real rate of return and t denotes
the inﬂation rate. Because we are applying the Fisher equation to ex post data, it
holds as a deterministic expression.
23 Center for Research in Security Prices, University of Chicago.
24 Torell and Fowler (1986), Winter and Whittaker (1981), Sunderman and Spahr
(1994) and Spahr and Sunderman (1995, 1998) all found that permanent
improvements were valued by appraisers less than their effect on the sales price of
a ranch, consistent with current ﬁndings.
25 Although the data goes from January 1989 to April 1998, the holding period return
series is only estimated from July 1989 to December 1997. The time variables used232  Sunderman, Spahr, Birch and Oster
are created using data from a twelve-month period, the previous six months and
the following six months. For example, the time variable B90S2 representing July
1, 1990, uses data from January 1, 1990 to December 31, 1990. Therefore, using
the endpoints of January 1989 and April 1998 would be unreliable as there is no
data both before and after these time variables.
26 It may be argued that most ranchers are not sufﬁciently diversiﬁed in their
investment portfolios to justify looking at only CAPM, systematic risk. This
argument suggests that total risk or variance is a more appropriate measure of risk.
However, ﬁnancial theory suggests that all investors have the opportunity to invest
in a well diversiﬁed portfolio. Thus, only systematic risk as represented by the
market beta is priced in required asset returns.
27 The risk-free rate used is the average 30-day Treasury bill rate for the July 1989
through December 1997 holding period.
28 Barry (1980), Irwin, Forester and Sherrick (1988), Bjornson and Innes (1992) and
Shiha and Chavas (1995) all have studied farmland returns using the CAPM. Barry
found that agricultural (farmland) asset returns had little systematic risk and were
higher than the CAPM theory would predict for an asset with comparable
systematic risk. Irwin, Forrester and Sherrick produced qualitative results similar
to Barry’s and also found that agricultural returns were sensitive to the inﬂation
factor. Bjornson and Innes found that mean returns to farmland owners have been
higher than those to owners of comparable-risk nonagricultural assets. Shiha and
Chavas extended the traditional CAPM by explicitly considering barriers to the
ﬂow of external equity capital into farm real estate markets. They found that the
apparent superior performance of farmland relative to the ﬁnancial market reﬂects
barriers facing intermarket ﬂow of capital.
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